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CETERIINING  THE  DEPEND! BCE  CE  THE  VALUE  Of  1EE  EXCHANGE  CAPACITY  OP 
IGR-EICHANGE  FILTERS  ON  TBE  GRAIN  DIAHKTBR  CF  TEE  ION  EXCHANGEES 


A.  A.  Groaoglasov,  Cand.  lech.  sci.,  Eocent,  and  Z.  P.  Kolpakchiyev, 
Grad.  Stud. 


The  effect  of  the  icq  exchanger  grain  4iaaeter  on  the  fora  of 
the  oatput  curve  of  the  icq-exchange  filtec  is  of  interest  in  certain 
water  treataent  situations.  The  prccess  of  icqixation  in 
ccabined-action  filters,  which  are  comprised  oi  a specific  fraction 
cf  ica  exchangers,  is  an  exanple  of  such  a case.  The  problea  of  the 
effect  of  the  ion  exchacger  grain  ciaaetei  on  the  fora  of  the  output 
curve  can  be  solved  by  the  aethod  described  in  [1]. 

■ben  ion-exchange  filters  are  used  for  treating  auxiliary  water 
for  steaa  generators  or  for  cleaning  turbine  ccqdensers,  the  content 
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cf  iapurities  in  the  water  is  insignif icant , and  the  ion  exchanqe 
isatheras  ace  convex.  These  conditions  lake  it  possible  to  assuae 
that  the  parallel  tcanslec  cf  the  filtering  front  takes  place  in  the 
ionization  process,  while  the  kinetics  cf  the  process  are  deterained 
by  the  kinetics  of  external  diffusion. 

In  this  case,  the  solution  of  the  systca  cf  differential 
equations  describing  the  icc  exchange  process  leads  to  the  expression 

m* 

*#  - (A  -fa  ♦ n# 

where  T0  is  a diaensionless  value  which  deteraices  the  ionization 
process.  This  value  can  be  represented  iq  the  fora  of  an  exponential 
dependence  on  the  conditions  under  which  the  prccess  is  carried  out 

U'fuWc/ti,  «» 

where  u is  the  filtraticn  rate,  d is  the  icr  exchanger  grain 
diaaeher,  C0  is  the  initial  concentration  cf  the  solution,  y is  the 
coefficient  which  detenaines  the  properties  of  the  ion 
exchaoger-solution  systca,  and  V,  £,  a and  6 are  the  exponents 
which  reflect  the  effect  cf  the  change  in  the  corresponding 
conditions  of  carrying  cut  the  process. 


It  two  ionization  prccesses  are  carried  o-ut  under  coqditions 
which  differ  only  by  one  parameter,  e.g.,  d,  in  accordance  with 
equation  (2)  and  the  definition  of  value  Z0,  we  can  obtain 
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Thus,  by  conducting  twc  tests  cn  the  icnization  of  water  with 
diffexent  values  of  the  ioq  exchanger  grain  diaaeters,  we  can 
calculate  the  value  of  the  exponent  £.,  which  can  be  used  in 
calculatiqg  the  output  curves  of  ic n-exchante  filters  usiqg  N.  1. 
Jhilov's  equation 


t * tn-ti  . i«i 


The  value  cf  6 iq  this  eqaation  can  be  found  frca  the  known  foreula 


i * » IS> 

where  q0  is  the  value  of  t|e  total  exchaqge  capacity  of  the  ion 
exchanger.  Equation  (5)  can  ccly  be  used  when  tte  value  of  q0  does 
net  depend  on  the  surface  area  of  the  ica  exchanger  (the  ion 
exchanger  works  by  voluae)  | when  the  value  cf  gfl  depends  on  the  ion 
exchanger  surface  area*  the  equaticn 

should  be  used  to  calcnlate  6#  where  e to  the  bulk  weight  of  the  ion 
exchanger^  S is  its  specific  surface  area#  and  q‘„  is  the  value  of 
the  tqtal  exchange  capacity,  expressed  in  ag-equ./ca*. 

the  presence  of  the  dependence  cf  paxaaetex  I on  the  grain 
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diaaeter  of  the  ion  exchanger  can  be  established  in  the  above  two 
tests*  fron  the  results  ol  which  it  is  alsc  easy  to  find  the  value  of 


I 
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R. 

■«  conducted  a series  cf  tests  cn  the  ionization  of  a sodiua 
chloride  solution  in  orcer  to  determine  the  value  of  £ . The  tests 
here  Conducted  on  the  device  diagramed  ia  fig.  1.  Pure  water  brought 
fro*  tank  4 by  aeans  of  a gear-type  puip  was  wised  in  a specific 
ratio  with  an  NaCl  solution-  The  quantity  cl  BaCl  solution  was 
dispensed  by  pinchcocks  12  depending  cn  tehe  readings  of  the 
salingaeter  with  with  sensor  Dt.  The  flow  rate  cf  the  sodiua  chloride 
scluticn  was  aonitored  ty  rotaaetcr  Rs.  Part  of  the  solution  passed 
through  theraostat  7,  where  it  was  heated  tc  3C°C,  and  rotaaeter  Rx  - 
for  establishing  the  required  filtration  rate  - and  arrived  at  the 
eiperiaental  filter  9,  which  was  charged  with  cither  a cationite  or 
an  anionite.  When  the  eiperiaental  filter  was  charged  with  an 
awicnite,  the  cationite  was  charged  into  filter  10,  and  vice  versa. 

Thus,  it  was  possible  tc  follow  the  depletion  of  filter  9 by  the 
salingaeter  with  the  sensor  D*  and  tc  anifcraly  distribute  saaples 
taken  froa  pcint  14.  Then  the  water  went  tc  the  purification 
asseably,  consisting  of  three  filters  1,  2 and  3 (cationite, 
anionite,  and  nixed,  respectively)  ; its  parity  was  aonitored  by  the 
salingaeter  with  sensor  Ds,  and  its  quantity  - ty  rotaaeter  R*  - and 
it  was  poured  back  into  tank  4.  Pure  nitrogen  was  blown  over  the  free 
space  in  the  tank  above  the  water  in  order  to  insulate  it  froa  the 

ataosphere.  Equalizing  container  6 with  a aaneweter  was  located 

behind  the  pump. 

« ■ 1 
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F19.  1.  Diagram  of  device  fee  deteraining  tie  value  of  E:  1 - 
cationite  filter;  2 - anieijite  filter;  3 - ccatination  filter;  4 - 
tagk;  S - gear-type  puap;  6 - equalizing  ccctainer  with  aanoaeter;  7 
- theraostat;  8 - theracaeter;  9 - experimental  filter  (cationite, 
anionite);  10  - filter  (aaicnite,  caticnite)  ; 11  - tank  with  NaCl 
solution;  12,  13  - pinclcccks;  14  - sampling  picchcocks;  15  - water 
supply  line;  R(,  Ra,  Ra  - tetaaeters;  E|r  ta#  t3  - salinoaeter 
sensors. 


Ill  of  the  filters  and  tasks  of  tie  asseakly  were  aade  of 
pleriglas  or  polyvinyl  chloride.  The  diaaetex  cf  the  experiaental 
filter  was  14  an. 

the  pinions  of  puap  5 were  aade  of  alloyed  steel;  therefore, 
iren  in  a quantity  of  160  pk/t  appeared  in  the  water  after  the  puap. 

The  output  curves  cf  tie  ionixaticn  pf  KaCl  solutions  on 
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high-icid  cationite  Hofatit  KPS  and  high-base  acionite  Hofatit  SBH  at 
aa  initial  MaCl  soluticc  concentratic n cf  i«10  *n,  filtration  rate  of 
50  a/h,  and  different  grain  diaaeters  Mere  registered  on  the 
assembly.  The  ion  exchangers  underwent  preliminary  regeneration 
acccrding  to  [ 2 ]. 

the  ion  exchangers  sere  fractionated  as  felloes.  The  swollen  ion 
exchangers  were  dispersed  cn  screens  by  a large  quantity  of  pure 
water*  The  resin  ceaaining  cn  the  screen  was  carefully  washed  by  a 
backward  jet  ef  water.  Ihe  ion  exchanger  grains  held  in  th;e  holes  in 
the  screen  were  removed  by  a soft  brush  and  were  collected  as  a 
separate  fraction.  The  sixes  of  15C-20Q  particles  were  neasured  with 
a aeanuring  lens  in  order  tc  deteraine  the  precise  size  of  the 
fraction.  The  particle  ciaieters  did  net  differ  by  nore  than  5-6 
hundredths  of  a ailliaeter  froi  each  ether.  The  lean  arithmetic  value 
cf  all  the  aeasureaents  was  used  for  the  <ta lculations.  Thus,  three 
fractions  cf  1.0,  0.6  and  0.4  aa  were  selected  for  the  cationite,  and 
for  the  anionite  - 0.97,  0.58  and  C.39  an.' 

The  concentration  cf  Va  ions  in  the  filtrate  was  determined  on  a 
flaae  photcaeter,  and  of  chlorine  - with  di phenylcarbazone . Figure  2 
shews  the  results  of  the  tests  with  the  cationite. 
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fig.  2.  Output  curves  of  cationite.  Filtraticq  rate  - 50  a/h:  1 - 
grain  size  - 1.0  aa;  2 - grain  size  - 0.6  3 - grain  size  0.4  aa. 

The  broken  line  shovs  tbe  calculated  carve. 


The  results  of  calculating  coefficient  C are  given  in  Table  1. 
Coefficient  € was  calculated  for  nine  valees  cf  the  relative 
concentration  for  each  pair  of  curves.  After  this,  the  points  were 
plotted  cq  aillineter  paper  and  the  "aean  vcighted"  value  of  all  the 
pcinte  vas  deternined. 

The  height  of  the  layer  and  tbe  speed  cf  the  front,  calculated 
fer  pgint  C/Cd  » Q.37  according  to  the  resalts  cf  the  three  tests 
kith  the  cationite,  are  given  in  Table  2. 
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The  value  of  C calculated  from  Table  1 is  € = -1.2. 

The  output  curves  for  the  anionite  are  shcun  in  Fig.  3.  The 
experimental  data  and  results  of  the  calculation  of  £ for  the 
anionite  are  given  in  Tables  3 and  4. 


Fig.  3.  Output  curves  of  anicnite.  Filtration  rate  - 50  m/h.  1 
grain  size  - 0.97  mm;  2 - grain  size  - C.5£  im;  3 - grain  size 
i«.  The  broker)  line  shots  the  calculated  curve. 
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the  value  of  C foe  the  anionite  calculated  as  the  weighted  aean 
value  free  Table  3 is  £ » -1. 


It  follows  fcoa  Tallaa  2 and  0 that  the  cate  of  the  parallel 
transfer  of  the  front  does  not  depend  on  the  value  of  the  disaster  of 
the  ifn  exchangers;  therefore,  the  valve  of  paraaeter  f can  be 
deterained  froa  equation  (5)  in  this  case* 


The  output  curves  for  the  ionisation  cl  aediua  chloride 
solutions  on  ion  exchangees  with  a grain  disaster  of  0.6  (cationite) 
and  0*58  as  (anionite)  vers  calculated  oi|  tie  lasis  of  the  results 
obtained. 

the  calculated  curves  are  shoun  by  the  fcreken  lines  in  Figures  2 
and  id  The  aean  errors  in  tie  sccticn  of  the  output  curve  in  question 
arc  3*5o/o  and  1.42o/o,  respectively. 
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